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1.          There are several oxides of nitrogen.
(a)     An oxide of nitrogen contains 25.9% by mass of nitrogen. Determine the empirical formula of this oxide.
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
(3)
(b)     Give one reason why the oxide NO is a pollutant gas.
......................................................................................................................
......................................................................................................................
(1)
(c)     The oxide NO reacts with oxygen to form nitrogen dioxide. Write an equation for this reaction.
......................................................................................................................
(1)
(d)     Explain how NO is produced in the engine of a motor vehicle.
......................................................................................................................
......................................................................................................................
......................................................................................................................
(2)
(e)     Write an equation to show how NO is removed from the exhaust gases in motor vehicles using a catalytic converter.
......................................................................................................................
(1)
(Total 8 marks)
 


 





2.	The diagram shows the Maxwell-Boltzmann distribution of molecular energies in a gas at two different temperatures.
[image: ]
(a)     One of the axes is labelled. Complete the diagram by labelling the other axis.
(1)
(b)     State the effect, if any, of a solid catalyst on the shape of either of these distributions.
........................................................................................................................
........................................................................................................................
(1)
(c)     In the box, write the letter, V, W, X or Y, that represents the most probable energy of the molecules at the lower temperature.
[image: ]
(1)
(d)     Explain what must happen for a reaction to occur between molecules of two different gases.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
(2)
(e)     Explain why a small increase in temperature has a large effect on the initial rate of a reaction.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
(1)
(Total 6 marks)
3.	A dynamic equilibrium is established when gas A is mixed with gas B at a given temperature.
A(g) + B(g)   [image: ]   C(g) + D(g)
The figure below shows how the concentrations of reactants and products change with time.
 [image: ]
(a)     (i)      On the appropriate axis of the figure, place an X to show the time when equilibrium is first established.
(1)
(ii)     State how the rate of the forward reaction and the rate of the reverse reaction are related to each other at equilibrium.
...............................................................................................................
...............................................................................................................
(1)
(b)     Give the meaning of the term dynamic in the context of a dynamic equilibrium.
........................................................................................................................
........................................................................................................................
........................................................................................................................
(1)


(c)     The total pressure on the system is increased at constant temperature.
(i)      State and explain the effect, if any, of this change on the position of this equilibrium.
Effect .....................................................................................................
Explanation ...........................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................
(2)
(ii)     State and explain the effect, if any, of this change on the time taken to reach this equilibrium.
Effect .....................................................................................................
Explanation ...........................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................
(3)
(Total 8 marks)

4.	Hexane (C6H14) is a member of the homologous series of alkanes.
(a)     (i)      Name the raw material from which hexane is obtained.
...............................................................................................................
(1)
(ii)     Name the process used to obtain hexane from this raw material.
...............................................................................................................
(1)
(b)     C6H14 has structural isomers.
(i)      Deduce the number of structural isomers with molecular formula C6H14

Write the number in this box.    [image: ]



(1)
(ii)     State one type of structural isomerism shown by the isomers of C6H14
...............................................................................................................
(1)
(c)     One molecule of an alkane X can be cracked to form one molecule of hexane and two molecules of propene.
(i)      Deduce the molecular formula of X.
...............................................................................................................
...............................................................................................................
(1)
(ii)     State the type of cracking that produces a high percentage of alkenes. State the conditions needed for this type of cracking.
Type of cracking ....................................................................................
Conditions .............................................................................................
...............................................................................................................
(2)
(iii)    Explain the main economic reason why alkanes are cracked.
...............................................................................................................
...............................................................................................................
(1)
(d)     Hexane can react with chlorine under certain conditions as shown in the following equation.
 
	 
	C6H14
	+
	Cl2 
	[image: ]
	C6H13Cl
	+
	HCl



(i)      Both the products are hazardous. The organic product would be labelled ‘flammable'.
Suggest the most suitable hazard warning for the other product.
...............................................................................................................
(1)
(ii)     Calculate the percentage atom economy for the formation of C6H13Cl (Mr = 120.5) in this reaction.
...............................................................................................................
...............................................................................................................
(1)
(e)     A different chlorinated compound is shown below. Name this compound and state its empirical formula.
[image: ] 
Name ............................................................................................................
Empirical formula ..........................................................................................
(2)
(Total 12 marks)
5.	Chlorine can be used to make chlorinated alkanes such as dichloromethane.
(a)     Write an equation for each of the following steps in the mechanism for the reaction of chloromethane (CH3Cl) with chlorine to form dichloromethane (CH2Cl2).
Initiation step
........................................................................................................................
First propagation step
........................................................................................................................
Second propagation step
........................................................................................................................
The termination step that forms a compound with empirical formula CH2Cl.
........................................................................................................................
(4)
(b)     When chlorinated alkanes enter the upper atmosphere, carbon-chlorine bonds are broken. This process produces a reactive intermediate that catalyses the decomposition of ozone. The overall equation for this decomposition is
2O3    [image: ]   3O2
(i)      Name the type of reactive intermediate that acts as a catalyst in this reaction.
...............................................................................................................
(1)
(ii)     Write two equations to show how this intermediate is involved as a catalyst in them decomposition of ozone.
Equation 1................................................................................................
Equation 2................................................................................................
(2)
(Total 7 marks)



6.	Organic reaction mechanisms help to develop an understanding of how and why reactions occur.
(a)     Propene reacts with hydrogen bromide by an electrophilic addition mechanism forming 2-bromopropane as the major product.
The equation for this reaction is shown below.
[image: ]
(i)      Outline the mechanism for this reaction, showing the structure of the intermediate carbocation formed.
  
 


(ii)     Give the structure of the alternative carbocation which could be formed in the reaction between propene and hydrogen bromide.
  
(5)
(b)     A substitution reaction occurs when 2-bromopropane reacts with aqueous sodium hydroxide.
(i)      Draw the structure of the organic product of this reaction and give its name.
Structure
    
Name ..................................................................................................
(ii)     Name and outline the mechanism for this reaction.
Name of mechanism ...........................................................................
Mechanism
 
  
(5)
(c)     Under different conditions, 2-bromopropane reacts with sodium hydroxide to produce propene.
(i)      Name the mechanism for this reaction
.............................................................................................................
(ii)     State the role of sodium hydroxide in this reaction
.............................................................................................................
(2)
(Total 12 marks)
7.
[image: ]
a)
	[image: ]
[image: ]
b)
[image: ]
c)
[image: ]
d)
[image: ]
e)
[image: ]
f)
[image: ]
g)
[image: ]
h)
[image: ]
(Total 14 marks)


	8.
	[image: ]
Which of the following statements is true?

	
	A
	the equilibrium constant has the units mol-1dm-3.

	
	B
	the yield increases if the pressure is increased.

	
	C
	the rate increases if the pressure is increased.

	
	D
	the equilibrium constant decreases if the temperature is increased.


	[image: ]

	9.
	Which of the following statements about this reaction is incorrect?

	
	A
	[image: ]

	
	B
	[image: ]

	
	C
	[image: ]

	
	D
	[image: ]

	10.
	Which of the following statements about this reaction is correct?

	
	A
	[image: ]

	
	B
	[image: ]

	
	C
	[image: ]

	
	D
	The ammonia molecule behaves as an electron pair donor in the reaction


	11.
	[image: ]
Which of the following statements about this reaction is correct?

	
	A
	increasing the total pressure increases the yield of HI

	
	B
	the use of a catalyst would have no effect on the yield of HI

	
	C
	decreasing the temperature increases the yield of HI

	
	D
	increasing the temperature decreases the rate of the backward reaction




	12.
	In which of the following is the shape influenced by the presence of one or more lone pairs of electrons?

	
	A
	[image: ]

	
	B
	[image: ]

	
	C
	[image: ]

	
	D
	[image: ]


	13.
	Which of the following statements is correct?

	
	A
	[image: ]show an increase from left to right

	
	B
	[image: ]show an increase from left to right

	
	C
	[image: ]

	
	D
	[image: ]


	14.
	Which of the following statements is incorrect?

	
	A
	[image: ]

	
	B
	Carbon monoxide is formed during the incomplete combustion of alkanes

	
	C
	[image: ][image: ]

	
	D
	[image: ][image: ]



15.
[image: ]


16.
[image: ]

17.
[image: ]

18.
[image: ]
19.
[image: ]

20.
[image: ]
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An acid, HA, reacts with potassium hydroxide as shown by the following equation.
HA(aq) + KOH(ag) —> KA(aq) + HO()

Using a measuring cylinder, a student measured out 50cm?® of a 0.950 mol dm™ solution of the
acid. This solution was set aside for later use.

Using a second measuring cylinder, the student measured out S0cm” of a 1.00mol dm solution
of potassium hydroxide and transferred it to a plastic cup. This cup was placed in a beaker to
provide insulation and support.

A thermometer was mounted in the cup using a clamp and stand. The bulb of the thermometer
was fully immersed in the liquid.

‘The student recorded the temperature of the liquid in the cup every minute, stirring the liquid
before reading the temperature.

At the fourth minute the student added the 50cm® of acid, but did not record the temperature. The
student stirred the mixture thoroughly, then recorded the temperature at the fifth minute.

‘The student continued stirring and recording the temperature every minute for five more minutes.

‘The student’s results are shown below.

Time / minutes 1 2 3 4 5 6 7 8 9 10
Temperature/°C | 189 | 189 | 189 | - |245| 242|243 |236 | 233|230





image11.png
Plot a graph of temperature (y-axis) against time on the grid below. Draw a line of best fit
for the points before the fourth minute. Draw a second line of best fit for the points after the
fourth minute. Extrapolate both lines to the fourth minute. Use the lines to determine the
temperature rise at the fourth minute.

Temperature rise at the fourth minute °c
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Use this temperature rise to calculate the heat given out during his experiment. Assume that

the solution has a density of 1.00gem™ and a specific heat capacity of 4.18JK™

g





image14.png
Calculate the number of moles of HA present in the 50cm” of 0.950 moldm™ solution.
Hence, calculate the molar enthalpy change of neutralisation for the acid.





image15.png
For the measuring cylinder and the thermometer, the maximum total errors are shown below.
These errors take into account multiple measurements.

50cm?® measuring cylinder ~ + 1.0cm’
thermometer +0.1°C

Estimate the maximum percentage error in using these pieces of apparatus and, hence.
estimate their combined error.

You should use the temperature rise from your graph to estimate the percentage error in
using the thermometer.





image16.png
Consider your graph and comment on the results obtained by the student. Explain why your
lines of best fit are good enough for you to extrapolate with confidence. Identify any
anomalous results.





image17.png
A data book value for the molar enthalpy change for this reaction is ~55.0kJmol™".
Calculate the difference between your answer in part 3 of the Analysis and this data book
value. Express this difference as a percentage of the data book value.

(If you could not complete the calculation in part 3 of the Analysis section, you should
assume that the student’s enthalpy change is ~48.5kJmol™'. This is not the correct value.)

Difference

Percentage





image18.png
Identify the main source of error in this experiment. Suggest one improvement to minimise
this main source of error.
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Identify one other source of error in this experiment. Do not include apparatus errors.
Suggest one improvement to minimise this other source of error.
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“The following information concerns the gas-phase formation of nitrogen monoxide.

INy(e) +30,() == NOG®) Al

+91kImol !




image21.png
‘Ammonia and boron trichloride react according to the following equation.

NH; + BCl; — H;NBCly




image22.png
a similar reaction could take place between PH; and AIC1; moleculs





image23.png
All the N-H bonds in ammonia have the same polarity.




image24.png
a co-ordinate bond is formed between nitrogen and boron.




image25.png
the size of the H-N-H bond angle remains unchanged during the reaction.
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the size of the CI-B-Cl bond angle inc

during the reaction.
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NH; and BCls are both planar molecules.




image28.png
BCl; molecules have a permanent dipole.




image29.png
Hydrogen iodide is formed when hydrogen and fodine react according to the following
equation.

Ha(g) + Io(e) == 2HI(2) AH = +26kJmol !
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PClg
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CoHy
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CH;CN
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ICl4
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the boiling points of CH;CH,CH,CH,CHa, (CH3),CHCH,CH; and (CH3)4C
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the bond angles in CHy, NH; and H,O
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there are two geometrical isomers of C3HsCl
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there are two chain isomers of C3Hg
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there are two position isomers of C3H;Cl
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Boron trifluoride can form a co-ordinate bond with
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CH3COCH3
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Ethanal and ethanoic acid can be produced by the sequence of re:

cuon A% cmeno 19> cuycoon

ions shown below.

Which one of the following statements about this oxidation of ethanol is not correct?

A Inorder to produce a high yield of ethanoi
used under reflux.

id, an excess of oxi

ing agent should be

dified potassium dichromate(VI) can be used as the oxidising agent.

€ Ethanal can be distilled off as it is formed because it has a lower boiling point than either

D The maximum mass of ethanal that can be obtained from 2.3 g of ethanol is 3.0g




image43.png
Which one of the following reactions produces a compound that could be used as a monomer
in the formation of an addition polymer that contains chlorine atoms?

A The addition of one molecule of HCI to 1,2-dichloroethene.
B The addition of one molecule of HCI to propene.
€ The elimination of one molecule of HCI from 2-chloropropane.

D The elimination of one molecule of HCI from 1,2-dichloroethane.




image44.png
An equation for the incomplete combustion of butane in oxygen is
CaHip + 430, — 4CO + 5H0

“The volume in dm® of oxygen at 295 K and 100kPa required to burn 0.10mol of butane to
form steam and carbon monoxide only is

A 86
B 1l
c 12
D

16




image45.png
The compound CF;CHBCl is a general anaesthetic called halothane. The number of structural
isomers, including halothane, having the molecular formula CoHBrCIF; is

A 2
B 3
c 4
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‘Which one of the following isomeric alkenes is formed when 3-bromo-2-methylpentane reacts
with ethanolic potassium hydroxide?

A 3-methylpent-1-ene
B 3-methylpent-2-ene
€ 4-methylpent-2-cne

D 2ethylbut-l-ene




image47.png
Sulphur dichloride oxide, SOCI,, can be used to convert alcohols into chloroalkanes.

cl

CH:CH,0H + 0= s: ——> CHiCH,Cl +0=S=0+HCl
¢l
Bond Mean bond enthalpy/kJ mol™
cCI 338
co 364
H-Cl 431
O-H 464
sl 277
5=0 523
cc 348
CH 412
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The enthalpy change, in kI mol !, for the gas phase reaction between ethanol and
sulphur dichloride oxide using the bond enthalpies given above is

A 187

B -9
c 490

D +187
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